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論    文    の    要    旨 
  
Lead-based ferroelectric materials with the perovskite structure are widely used as 
electromechanical devices. However, the physical nature of these materials is still not understood 
completely.  Especially, the microscopic origin of the ferroelectric phase transition in these materials 
has not yet revealed clearly. To understand the phase transition mechanism at the Curie temperature 
(Tc) and its related lattice dynamics, it is useful to apply inelastic light scattering techniques. Since the 
optical and acoustical modes are very sensitive to phase transitions and low frequency relaxation 
phenomena can be directly observed by this method under various conditions, it provides us with the 
information on the interatomic forces, internal and external vibrations, and relaxation dynamics 
associated with the ferroelectric phase transitions. 
Relaxors are chemically- and structurally-disordered materials, and their relaxation processes of 
which exhibit a slowing down behavior. They are characterized by a diffuse phase transition extending in 
a wide temperature range without any macroscopic structural phase transition. They do not show any 
ferroelectric long-range order below the dielectric maximum temperature. During the last half century, 
many researchers have tried explain the diffuse phase transition behavior of the relaxor ferroelectrics by 
using various experimental and theoretical methods. Presently, it is widely accepted that relaxor 
properties are generally governed by the dynamics of polar nano-regions (PNRs). 
 
This thesis is devoted to the study of inelastic light-scattering properties of the lead-based binary 
and ternary ferroelectric single crystals under an external electric field and domain engineering 
processes. In order to explain the phase transition behaviors, we investigated the characteristic 
temperatures associated with the evolution of the PNRs by investigating the temperature dependence of 
their relaxation time. 
First, the phase transition behaviors of unpoled Pb(In1/2Nb1/2)O3–Pb(Mg1/3Nb2/3)O3–PbTiO3 
(PIN–PMN–PT) single crystals were investigated by using Brillouin and dielectric spectroscopies in a 
wide temperature range. For obtaining the characteristic temperatures of PNRs, we investigated the 
temperature dependences of the dielectric constant and the Brillouin spectra, the former having been 
analyzed based on the curve fitting procedure by using the Vogel-Fulcher law and the extended 
Curie-Weiss law. 
Second, the phase transition behaviors of unpoled, [001]c-and [011]c-poled single crystals were 
compared. By using different poling directions a single or peculiar multi-domain structures may be 
realized according to the domain engineering process. Physical properties such as the sound velocity in 
a GHz range and low-frequency dielectric properties were investigated having focused on the complex 
phase transition behaviors in a frequency range between a few Hz and a few hundreds of GHz. 
Third, the local structure was investigated by using angular dependence of Raman scattering. By 
using Raman tensor analysis, we compare the observed results with the calculated results. After then we 
analyze the temperature dependence of polarized and depolarize Raman spectra. Lastly, we connect the 
CPs of Brillouin and Raman scattering spectra to study the broadband spectra. From these analyses, we 
obtain two-type different relaxation behaviors. 
 
 
審    査    の    要    旨 
〔批評〕 
 強誘電性は中心対称性のない極性点群に属する結晶に起こりうる外部電場で反転する自発分極を持
つ性質である。本論文は、巨大圧電効果や巨大誘電率などの巨大な外場応答で注目されているリラクサ
ー強誘電体について、微小領域の弾性的性質を非破壊・非接触で測れる顕微ブリルアン散乱法、並び
に高分解能ラマン分光法を用いて、その強誘電相転移のダイナミクスを初めて明らかにした独創性と新
規性の高い優れた研究である。上述したこれらの研究成果は、ペロフスカイト構造の鉛系リラクサー強誘
電体の外場応答やその強誘電相転移のダイナミクスを実験的に捕らえた重要な研究であり、リラクサー強
誘電体の物性理解に留まらず、磁性を含むマルチフェロ物質などへの波及効果など今後の物質工学、
固体物理学等の進歩に大きく貢献できると考えられる。 
 
〔最終試験結果〕 
 平成 26 年 2 月 20 日、数理物質科学研究科学位論文審査委員会において審査委員の全員出席のも
と、著者に論文について説明を求め、関連事項につき質疑応答を行った。その結果、審査委員全員によ
って、合格と判定された。 
 
 
〔結論〕 
 上記の論文審査ならびに最終試験の結果に基づき、著者は博士（工学）の学位を受けるに十分な資格
を有するものと認める。 
 
 
 
